aspects of thymus grafts in mice (METCALF, 1963 (METCALF, , 1964 DUKOR, MILLER, HOUSE and ALLEN, 1965; LEUCHARS, CROSS and DUKOR, 1965; MILLER et al., 1966) . In these studies, thymuses from neonatal donor mice were usually grafted under the renal capsule of recipients, because grafting at that site offered many advantages as compared with other sites. It is generally accepted that following grafting the grafts rapidly regenerate, restore normal structure and develop autonomously at the same rate as the normal thymus of corresponding age (METCALF, 1963; METCALF, WAKONIG-VAARTAJA and BRADLEY, 1965) . Cytological and histological events during the regeneration and development of thymus grafts were observed in detail by the previous investigators.
Nevertheless, the previous observations were limited to thymus grafts studied at relatively short intervals after grafting. In this study, systematic examination was undertaken for a long period of time after grafting.
Of particular interest was the finding that thymus grafts frequently contained lymphoid nodules with germinal centers. It is well known that the thymus, unlike other lymphoid organs, has no lyphoid nodules, but that under certain pathological conditions lymphoid nodules with germinal centers appear in the thymus (MACKEY, 1966) . No report has described the occurrence of lymphoid nodules in thymus grafts.
Materials and Methods
In this study, dd-mice were used, which were maintained under as constant conditions as possible and provided with a commercial mouse pellet diet (NMF, Oriental Co., Japan) and drinking water ad libitum. In general, thymuses were aseptically removed from neonatal female mice, and grafted under the kidney capsule of adult recipient mice. In most cases, the recipients were the mothers of their own donors. The recipients were anesthetized with nembutal, the kidney was exposed and a whole thymus from a neonatal mouse was gently inserted into the subcapsular space with a small forceps through a small incision in the capsule. Thymus grafts were removed at 2, 4, 6, 8, 14, 21, 35, 60, 90, 120, 150 and 180 days after grafting.
At each period, at least fourteen grafts were examined.
The thymus grafts examined represented a total of 515. At autopsy, the thymus graft and host thymus were weighed to the nearest mg on a tortion balance immediately after removal. Then they were fixed in Bouin's or The population of lymphocytes and epithelial reticular cells in thymus grafts during regeneration is diagramatically presented in Figure 4 .
Weight changes
The weights of thymus grafts at various intervals after grafting are given in Figure 5 . As seen in this figure, grafts returned to almost the initial weight at 4 days after grafting and then grew very rapidly until 35 days when the maximum weight of the grafts was attained.
After 35 days the grafts gradually decreased in weight with increasing age. The sequence of weight changes after grafting is almost similar to that of the normal thymus in mice of the same strain (ITO and HOSHINO, 1963) .
B. Histology of thymus grafts
As mentioned above, thymus grafts had a structure identical to that of the normal thymus by 8 days after grafting. Regenerated thymus grafts older than two weeks were, unlike the normal thymus, less definitely bilobated. The medullary tissue was located not only centrally but also often peripherally in the grafts. As seen in Figure  6 , the thymus grafts, both the cortical and medullary tissues, underwent progressive atrophy and partial replacement by fatty cells especially after 90 days. Figure 7 diagramatically shows the pattern of irregular distribution of the cortical and medullary tissues in sections from 35-days grafts.
Cytological features of thymus grafts were essentially similar to those of the normal thymus of corresponding age, and the detailed description seems unnecessary here. Cortical lymphocytes, densely packed, could be classified into large, medium and small lymphocytes as in the normal thymus. Immature large and medium lymphocytes were relatively abundant in the periphery of the cortex, exhibiting numerous mitotic figures. Small lymphocytes constituted the majority of the cortical lymphocytes and were densely packed throughout the cortex except in the peripheral rim. Epithelial reticular cells were scattered among lymphocytes in the cortex. In the medulla, on the other hand, lymphocytes were far fewer and most of them were small in size.
Epithelial reticular cells, present singly or in groups, were more prominent.
Hassall's corpuscles were also found, though not very often, in the graft medulla. Four grafts on the right side contain lymphoid nodules with germinal centers.
In thymus grafts, however, particularly noteworthy was the occurrence of lymphoid nodules in the medulla (Fig. 8) In some cases they were so extensive as to occupy more than half of the medullary area. The medulla containing lymphoid nodules was relatively enlarged with thining of the cortex. As indicated by Figure 12 , in grafts with lymphoid nodules the medulla occupied 35% of the entire area, while in grafts without lymphoid nodules it was 22%. Venules were often characterized by the presence of a layer of high endothelial cells (Fig. 13) . The cuboidal endothelial cells had slightly eosinophilic cytoplasm and rounded nuclei. The lumen of such venules frequently contained varying numbers of lymphocytes in addition to erythrocytes. In the close vicinity of the lymphocyte accumulation there were usually seen distended lymphatic vessels A: medulla without lymphoid nodules B: medulla with lymphoid nodules engorged with numerous small lymphocytes (Fig. 14) . The incidence of lymphoid nodules and germinal centers in thymus grafts at various intervals after grafting is presented in Figure 15 . As seen from this figure, 10.5% of 6-day grafts (2/9) already contained such accumulations. Thereafter the incidence gradually increased and reached 54.2% (26/48) at 35 days. Approximately half of the grafts contained nodules for each period after 35 days. The incidence of germinal centers also increased in parallel with that of the nodules. Germinal centers were first encountered in 2 out of 16 grafts (12.5%) at 14 days. At 35 days 18 out of 26 grafts contained germinal centers (37.5%).
Thereafter the incidence of germinal centers changed little. Plasma cells, which were found singly or in small groups in both the cortex and medulla, occurred in varying numbers in almost every graft.
Discussion
Regenerative processes in neonatal thymus grafts were observed histologically and cytologically by DUKOR et al. (1965) . A sequence of weight changes in thymus grafts was reported by METCALF (1965) . Concerning the regeneration, growth, behavior and general histological structure of thymus grafts, the findings obtained from the present study essentially confirm the observations reported by these previous investigators, and further repetition of detailed discussion seems to be superfluous.
In this paper, however, the finding worthy of special note concerns lymphoid nodules with germinal centers in thymus grafts, because their occurrence has not been reported by the previous investigators.
It is generally known that the normal thymus usually contains no lymphoid nodules. Histologically this is one of the striking differences between the thymus and other lymphoid organs.
In the human thymus, however, germinal centers have been reported to appear under pathological conditions such as myasthenia gravis, systemic lupus erythematosus or Hashimoto's thyroiditis (MACKEY, 1966 (BURNET and HOLMES, 1964; DAMESHEK, 1966; STRAUSS and VAN DER GELD, 1966) . In most strains of mice, germinal centers generally have not been seen in the thymus. In NZB/BL mice, germinal centers have been often observed in the thymus, and their formation has been discussed in relation to a possibile association with the spontaneous development of autoimmune hemolytic anemia (MELLORS, 1965) . In AKR mice which are a high leukemic strain, lymphoid nodules have been reported to arise in the preleukemic thymus prior to neoplastic transformation (METCALF, 1966) . Furthermore it was demonstrated that in Swiss mice lymphoid nodules normally occur in senescent thymuses of aged animals (SIEGLER, 1965) . For dd-mice used in this study, thousands of thymuses from both sexes of various ages have been examined in our laboratory during the last ten years, but no germinal centers have been encountered in the thymus under either normal or experimantal conditions. In the present investigation, mice bearing thymus grafts with lymphoid nodules were healthy in appearance, without any obvious pathologic changes. The reason why lymphoid nodules were formed in thymus grafts is not clear, but a posibility will be considered here.
The absence of germinal centers in the thymus has often been explained by the presence of a blood-thymus barrier which protects the thymus parenchyma from circulating antigens (MARSHALL and WHITE, 1961; KOTANI et al., 1966 KOTANI et al., , 1967 . Previously it was shown by electron microscopy that thymic capillaries are continuousely surrounded by a cytoplasmic sheet of epithelial reticular cells (CLARK, 1963; WEISS, 1963) . In our previous paper, however, closer inspection with the electron microscope disclosed that such epithelial sheets surrounding thymic vessels were not continuous (ITO and HOSHINO, 1966) . However, the presence of a functional barrier can not be disproven on morphological grounds alone. As stated above, thymus grafts regenerated, for the most part, from the peripheral surviving zone, and the central area was exten-sively necrotic imediately after grafting. Blood vessels were thus destroyed at the time of grafting, and grafts were then vascularized from the periphery as regeneration proceeded. Therefore, there is a possibility that a barrier system, if present, might have been broken in some way and be functionally deficient in thymus grafts.
In this study, dd-mice were used, which were not an inbred strain but a closed colony in a strict sence. In dd-mice, as mentioned already, when thymuses of newborn mice were grafted to the corresponding mother mice, approximately 80% took, but neonatal thymuses randomly grafted to adult mice other than the parents showed a far lower incidence of takes (about 15%). It is not certain why the mother mice were so tolerant to thymuses of their newborns, but differences in histocompatibility may account for the results. In any case, the immunological relationship of the grafts to the hosts may also have been involved in the occurrence of lymphoid nodules in the grafts. Recently evidence has been presented to indicate that lymphocytes in thymus grafts are completely replaced by host lymphocytes (METCALF and WAKONIG-VAARTAJA, 1964) . Therefore, it seems reasonable to infer that thymus grafts were composed of grafted epithelial reticular cells and host lymphocytes. Should this be the case, epithelial cells might be slightly antigenic and induce lymphoid nodules as a manifestation of immunological rejection of the grafts.
From the evidence presented in this work, no definite statement can be made with regard to the mechanism by which lymphoid nodules are induced in thymus grafts, or as to their functional significance. In any case, however, thymus grafts will serve as a material suitable to provide a clue to the solution of this question. Further studies are now in progress. 
